degree of protection to the reinforcing steel against corrosion, by virtue of the high alkalinity ( CH , PH > 13.5) of the pore solution. Under high alkalinity, steel remains passivated. The basic factors and fundamental corrosion processes of the reinforcing steel's corrosion are illustrated as Fig.1 . When the pH value of the pore solution drops to low values due to the carbonation reaction     Ca OH CO H O Ca HCO CaCO    or as sufficient chloride ions penetrate into the reinforcement, the protective film is destroyed and the reinforcing steel is depassivated. Furthermore, corrosion in the form of rust formation and loss in crosssection of the rebar occur in the presence of oxygen and water (humidity). Essentially, the corrosion process is an electrochemical reaction process. CO 2 and Cl -often lead to general corrosion and pitting corrosion, respectively. During the general corrosion process, Fe atom is oxidized to Fe(OH) 2 , Fe 3 O 4 , Fe(OH) 3 or Fe 2 O 3 ·nH 2 O at the anode region.
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The oxidation state depends on the content of O2 in the concrete. On the other hand, O atom at the cathode region is reduced to O 2-.The micro anode and cathode on the surface of the reinforcing steel form the microcell. Compared with that of the general corrosion, the pitting corrosion process is much more complicated. It is generally agreed that the barrier oxide layer of the metal is a highly defective structure, with the point defects being metal and oxygen vacancies and metal interstitials. Macdonald has developed a point model (PDM) to descript the growth and breakdown of passive films [2] . The fundamental basis of the general PDM is illustrated in Fig.2 , in which the basic reactions that lead to the generation and annihilation of point defects at the interfaces (Reactions (1)- (6)), together with film dissolution (Reaction (7)), are displayed. According to D.Macdonald's PDM, the anion Cl -is able to enhance the flux of cation vacancies through the barrier layer, such that under favorable conditions (voltage, PH, [Cl -]) vacancy condensation will occur at the metal/barrier layer interface and hence passivity breakdown will ensue. The initial reaction occurring at the film/solution interface is the absorption of an aggressive anion (Cl -) into a surface oxygen vacancy followed by a Schottky-pair-type reaction. Anion absorption leads to the generation of cation vacancies at the film/solution interface and, hence, to the flux of cation vacancies across the passive film to the film/metal interface. If the cation vacancy diffusivity is so high that the flux of cation vacancies can not be accommodated by that of cations generated at the metal/film interface, a cation vacancy condensate will be formed, causing the local thinning of the film or detachment from the metal. Once the condensate has grown to a critical size, the film ruptures and hence a rapid local attack occurs, either due to complete dissolution or else to the stress in the film that induces a mechanical or structural instability. The postulated reactions of the aggressive anions Cl-in this process are illustrated in Fig.3 . Although the general corrosion and the pitting corrosion process are very complicate, it must keep in mind that the electron is presented and transferred inside the barrier layer or on the surface of the reinforcing steel. The energy from the steel-smelting process is delivered by the electrochemical reactions and physicochemical processes described above. Furthermore, this delivered energy will be applied as the power source of the self-powered wireless corrosion monitoring sensor in future. Fig.4 is the universal transfer function which can be used to simulate and characterize the electrochemical characteristics of the steel-concrete system [3, 4] . Fig. 4 . EC of steel-concrete system.R c , R ct , Z W and Z CPE are the resistance of concrete, Faraday resistance, impedance of the diffusion process and the impedance of CPE, respectively. R c and R ct are the resistance of the concrete and reactive resistance of the corrosion, respectively. Z W and Z CPE represent the diffusion impedance of oxygen and dispersion impedance of the concrete-steel interface, respectively. The diffusion of the oxygen results in the Warburg impedance. w Z can be calculated as follows:
Where  is the Warburg coefficient. 0W Y is the admittance as follows, 0 0
Where 0 F Z is Faraday impedance without diffusing effect,  is the reaction order of the reactant; F I is the faradic current; , nFare the constants, s C is the concentration at electrode's surface. The coarse interface of the steel-concrete, isolated reaction region and the heterogeneous nature of concrete are the most important factors causing the dispersion effect. This phenomenon is depicted by the constant phase element (CPE). The CPE is expressed as Eq. (10) 
Where 0dl Y is basic admittance and n is the constant in the region (0, 1],
The dispersion effect and the diffusion of the oxygen can prolong the balance time of the electrochemical system, or even lead the system never to reach the balance state. According to the results of V.Feliu, J.A.Gonzalez and C.Andrade [3, 4] , dispersion effect and diffusion effect can influence the response of the excitation of galvanostatic step at initial time region and long term region, respectively. Therefore, the parameters of R c , R ct and Z CPE can be extract accurately by fitting the experimental results at initial time region. Applying the experimental results at long term region, Z W can also be calculated. Once the elements in the EC are calculated, the corrosion characteristics of the concrete-steel system can be clarified. The electrochemical corrosion status of the steel-concrete system can be recognized by active monitoring technique (AMT) and passive monitoring technique (PMT). As the EC in Fig.4 is the universal transfer function for general corrosion, abundantly actuating signals can be applied to excite the concrete-steel system in linear region or nonlinear region. Therefore, the electrochemical elements which include R c , R ct , Z W and Z CPE can be extracted in time domain or frequency domain by analyzing the responses of the concrete-steel system to these actuating signals. [5] , frequency domain [6] or in chaos domain [7] . Wavelet transform (WT) has been proposed as an alternative tool to overcome the limitations of FFT in the analysis of non-stationary signals of the EN data. It can provide the information on transients in time domain and the possibility of working with non-stationary signals. The previous research has shown that It is much better to decompose the EN data during the pitting process of the reinforcing steel to wavelet space, and extract the characteristics of the EN based on WT much more effectively [8] . 
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Electrochemical Impedance Spectrum(EIS) technique has been widely used as a corrosion measurement tool. A number of publications have reviewed both the theory and many areas of application [9] [10] [11] [12] . These reviews suggest that AC impedance is a useful technique for determining mechanistic and kinetic information about the corrosion processes occurring at corroding interfaces. The experimental impedance data Z(jω) exp may be well approximated by the impedance Z(jω) equiv of an equivalent circuit made up of ideal resistors, capacitors, inductors and various distributed elements. In such a circuit, elements represent the various processes involved in the transport of charge and mass in the system being investigated. Various equivalent circuits have been proposed to explain the impedance response of filmcovered surfaces, which involve cathodic and anodic reactions in the system. In the last few decades, many researchers [13, 14] have done lots of work about steel corrosion. By extracting the information from the high, medium and low frequency region of EIS, many qualitative and quantitative parameters about electrochemical process of carbon steel in cement mortar can be gotten. The corrosion process of carbon steel in cement mortar can be reflected by these parameters. Electrochemical noise (EN) technique has been widely used to study the corrosion process of various metallic materials, such as metals [15, 16] and organic coated metals [17, 18] , and it can provide useful information about the corrosion mechanism by measuring the fluctuations of the current and potential simultaneously, which are generated during the corrosion process. One of the advantages of electrochemical noise technique is that it does not conduct any disturbing signal. Therefore it is able to avoid the artificial disturbances to the system during the measurement [19] . The sensitivity of EN measurement is much higher than that of the other traditional techniques to the localized corrosion process [20] . Many methods have been developed to analyze the EN data [21] , including statistical analysis [22, 23] and spectral analysis [24] [25] [26] . However，the most commonly-used EN analysis methods (statistical and spectral) mentioned above are devised for stationary signals that do not show distinctive transients .The main disadvantage of those methods is that they analyze signals by averaging the features across the whole time record [27] . DC trend removal method is another problem which obstacles the application of ENA in practical engineering. Wavelet transform (WT) has been proposed as an alternative tool to overcome the limitations of FFT in the analysis of non-stationary signals of EN data [28, 29] . It can provide the information on transients in time and the possibility of working with non-stationary signals, so it has been used to differentiate corrosion type and to study corrosion mechanism of process [30, 31] . O n l y so m e w o r k o f E N f o r st u d y i n g t h e co r r o si o n o f reinforcing steel in concrete has been reported [32, 33] . A. Legat [33] found that the electrochemical noise technique was able to follow the high corrosion dynamics in concrete, and the measured signals containing certain fluctuations indicated that the process of corrosion initiation consisted of a sequence of several events. Their results of the measurements also revealed that the distribution of anodic and cathodic sites could alternate during the wetting and drying of concrete. Hu et al. [34] studied the corrosion behavior of reinforced steel in the simulated concrete pore solution by using electrochemical noise, and they analyzed the EN data by discrete wavelet and provided a criterion to determine the threshold value controlling the turning of corrosion state of steel in concrete. The aim of this work is to study the corrosion process of reinforcing steel in cement mortar and illustrate the fact that the EDP is an effective indicator of the pitting corrosion in corrosion monitoring
EIS Performance of the RC system
Three-electrode system has been used in the experiment. The working electrode is Q235 carbon steel which is widely used in civil engineering. The specimens are embedded in epoxy resin. Working electrode's surface is polished with 400,800, 1200 and 2000 grit silicon carbide paper and cleaned with ethanol and acetone. Its working area is 1.13cm 2 . When steel corrosion in concrete is studied by EN, the carbon steel specimen is embedded in cement mortar (Fig.5 ).When EIS is measured, one of the two identical working electrodes is substituted for graphite electrode. The mass ratio of sand, cement and water is 3:1:0.6. SCE reference electrode is used to measure potential. Two kinds of influencing factors which are temperature and concentration of NaCl solution are considered during the experiment. EN is measured under the condition that the temperature is 50℃ and the concentration of NaCl solution is 3.0%. The sampling frequency is 2Hz. As temperature and concentration of NaCl solution is changed from 26℃ to 50℃ and 0.5% to 5.0%, respectively, EIS is measured. Princeton Applied Research Potentiostat/Galvanostat Model 263A is used. The frequency range of EIS measurement is 10 5 Hz to 10 -3 Hz. In order to accelerate the seepage velocity of NaCl solution to the steel bar surface in concrete, all the cement mortar specimens are put into the pressure pan. We have kept the pressure of the span at 7MPa for 60mins by the pressure pump before unloading it. Then all the specimens are immersed in different concentration of NaCl solution for 70days.
The Nyquist plots at 26℃ and 50℃ are shown in Fig.6 ., Fig.7 and Fig.8 show the Bode plotsat 26℃ and 50℃, respectively [8] . Concentration of sodium chloride solution changes from 0.5% to 1.0%, 3.0% and 5.0%. From the Nyquist and Bode plots we can see that there are two pieces of capacitive impedance arc. The capacitive impedance arcs at high frequency (from 10 5 Hz to 10 3 Hz) are generated by the sodium chloride solution outside the cement mortar layer. The resistance of the solution is no more than a few hundred Ohms. The other capacitive impedance arcs are caused by the cement layer. The equivalent circuit (EC) of cement layer is composed of resistance element R c and capacitive element C c . Obviously, the capacitive impedance arc has been flattened in the medium frequency region (between KHz to 100mHz). This phenomenon is often caused by CPE. Smearing phenomenon has arisen at the low frequency region.
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According to the Nyquist and Bode plots feature, the much more detailed EC in Fig.9 is used to simulate the Q235 carbon steel corrosion in the cement mortar. R sol is the resistance of chloride sodium solution. R c and C c are the resistance and capacity of cement layer respectively. Because there exists smearing phenomenon in the Nyquist plots, Warburg impedance exists in the electrochemical process. W represents the diffusing effect of Oxygen. Q represents the dispersion effect. By fitting the experiment results with the EC in Fig. 7 by ZSimpWin3.20 software, we can obtain the value of the parameters in the EC. The fitting results of 26℃ and 50℃ are listed in Table 2 and Either at 26℃ or 50℃, there are two semi-circles in the Nyquist plots. This indicates that there are two time constants. One is caused by the cement mortar around the carbon steel WE (at the high frequency region), the other is caused by the electric double layer (at the medium frequency region).According to Fig.6 a) , with the increasing of the NaCl concentration, the diameter of the semi-circle in Nyquist plot decreases gradually and the shape of the EIS spectra shows noticeable change. The phase angles in Fig.7 a) increase gradually as the concentration of NaCl solution increases from 0.5% to 5.0%. Also, R ct values decrease from 3998Ω·cm 2 to 0.6511Ω·cm 2 and Y 0dl values increase from 10740Ω -1 ·cm -2 ·S n to 14820Ω -1 ·cm -2 ·S n at same time. Although there is a fluctuation of R ct which is 2606Ω·cm 2 in value as the concentration of NaCl solution is 3.0%, the R ct will decrease with the increasing of the NaCl solution concentration. During this process, the passive film has been destroyed by the chloride ion. The chloride ion which is from the environment penetrates into the mortar and accumulates in the steel/mortar interface. This can cause the initiation and propagation of pitting corrosion. The destroying process of the chloride ion is accelerated by increasing the concentration of NaCl solution. The results show that the high concentration of NaCl solution will accelerate the influence of diffusion effect. Smearing phenomenon has appeared in the low frequency region. This indicates that the diffusion process is the controlling process. Warburg impedance w Z in Eq. (8) is often used to describe the semi-infinite plane diffusion's characteristic of oxygen. The Warburg diffusion process results from the diffusion of oxygen through the mortar to the steel/mortar interface. During this period, the system is limited by the diffusion process of oxygen. The Y 0w shows a fluctuant tendency in Table 2 and Table 3 , which indicates that the concentration of NaCl solution has no significant influence on the diffusion process of the oxygen. But as the temperature is increased to 50℃, the value of Y0w is greater than its value with the same concentration of NaCl solution at 26℃.So the diffusion process proceeds more easily with the increasing of the temperature.
EN Feature of the RC system 3.3.1 Wavelet backgrounds
The wavelet analysis is a relatively new way of signal processing. It can overcome the problems of traditional Fourier transform. The continuous wavelet transform was proposed by Grossman and Morlet in 1984 [35] . Daubechies [36] constructed families of compactly supported wavelets. Mallat introduced the multi-resolution signal decomposition (MRSD) algorithm [37] . Since then the research in this field has progressed rapidly. The detailed description about wavelet transform can be found in the correlative literatures [38] [39] [40] . A wavelet is an oscillatory、real or complex function of zero average and finite length. The wavelets approach consists essentially in representing the time record  ,1 , 2 , . . . , n xtn N  by special functions. By scaling and translating the father wavelets  and the mother wavelets  as equation (12) and equation (13) 
The detail
,,
Decomposed process of the signal by wavelet transform can be illustrated as Fig.10 . The contribution of each crystal to the overall signal can be estimated by energy distribution plot (EDP), which is the plot of the relative energy accumulated by each crystal versus the crystal name. The term "crystal" is used because the wavelet coefficients in a crystal correspond to a set of translated wavelet functions arranged in a regular lattice. The energy E of the whole signal is calculated as follows: 
Because the Symlet wavelet is orthogonal, the following equation is satisfied:
According to Eq. (19), (20) and (21), the EDP can be plotted [8] .
Wavelet analysis of EN
The electrochemical potential noise (EPN) and electrochemical current noise (ECN) are listed in Fig.11 and Fig.12 respectively [8] . The NaCl solution is not injected at this time. From  Fig.11 we can see there is a DC trend from -0.61315V to 0.61689V in the EPN data. The amplitude of the EPN in Fig.11 is very low (10 -5 V degree). Fig.12 shows the ECN before NaCl solution is injected. The current amplitude is 10 -7 A degree which almost remains unchanged in all the time-record. Also, there is a DC trend in the ECN data. The frequency of the signal in ECN and EPN is very high. From Fig.16 and Fig.12 we can see that the signals are caused by the measuring apparatus and the concrete-steel system. But the amplitude of EPN and ECN is very low and the accuracy is satisfied. Fig.) . The characteristic of the transient is that it decreases suddenly and recovers slowly. There is a much gentler DC trend in Fig.14 . The amplitude of the ECN is 10 -6 degree (It is 10 -7 degree in Fig.12 ). The minus sign of the ECN means that the current is flows from identical CE to the WE. The smaller Fig. in Fig.14 shows the characteristic transient of the ECN. It increases sharply and recovers slowly. It must be kept in mind that here the current 'increases' is from plus sign to minus sign. Also its duration is several tens of seconds. According to D.Macdonald's PDM, the aggressive anion Cl -is able to enhance the flux of cation vacancies through the barrier layer. Under favorable conditions (voltage, PH, [Cl -]) vacancy condensation will occur at the metal/barrier layer interface and hence passivity breakdown will ensue. So, the fresh surface of the metal will generates EPN and ECN transients.
Fig. 14. ECN after 3.0% NaCl solution injected
Sym4 wavelet is used to decompose the EPN and ECN signal from j=1 scale to j=8 scale. The crystals from d 1 to d 8 are the details of the signal. a 8 is the approximation part of the signal. From the decomposed results we can see that the signal energy is stored in approximation crystal a 8 and detail crystals which are from d 1 to d 8 .The approximation a 8 is the principal part of the DC trend. It contains most of the energy of the signal. In order to eliminate the DC trend influence, the energy of a 8 is not be considered in the calculation. In this way, we can remove the DC trend. Fig.15 and Fig.16 show the EDP of EPN in Fig.11 and Fig.13 , respectively [8] . According to Fig.15 , the detail signal energy accumulates in crystal d 1 to d 4 . They are the high frequency information of the signal in Fig.11 . The energy in crystal d1 to d4 almost occupies 80% of the whole detail energy. But in Fig.16 , most of the energy accumulates in the low frequency crystal, such as d 4 , d 5 , d 6 and d 7 . According to Fig.13 and Fig.14 , we can see that the low frequency parts in Fig.16 correspond to the transient of the pitting corrosion. The fact that the energy distribution changes from high frequency parts in Fig.15 to low frequency parts in Fig.16 shows that the EPN transients emerge and become the dominant parts gradually. From Fig.17 we can see that most of the energy of the detail information in Fig.12 accumulates in crystal d 1 , d 2 , d 3 and d 8 . There is a little difference between Fig.17 and Fig.15 . In Fig.15 the energy in crystal d8 is very small(less than 0.025), but in Fig.17 the energy in crystal d 8 is large than 0.2. This can be caused by the frequency component in ECN.
Although we have removed most of the DC trend in Fig.14 by eliminating the crystal a 8 , the very low frequency which is very less will exist in crystal d 8 .So we can see the higher energy ratio of crystal a 8 in Fig.17 and Fig.18 . When 3% NaCl solution is injected into the specimen by high pressure pump, we can see that the energy in d 4 、d 5 、d 6 and d 7 becomes more significant. In Fig.17 , the energy in crystal d 4 、d 5 、d 6 and d 7 is less than 0.2 of the whole detail information, but in Fig.18 , it increases to no less than 0.6. This also means that the current transient becomes the main component in the ECN. The current transient is caused by the pitting corrosion, so the change of EDP can show the corrosion mechanism. 
Corrosion sensors and networks
Solid-state reference electrode
Monitor and control the corrosion of reinforcing steel in concrete require reliable measurement of stable potentials. Therefore, embeddable reference electrodes(RE) is the key element in corrosion monitoring of concrete structures for long-term monitoring and potentiostatically controlled cathodic protection of reinforcement in concrete [41] . A practical RE have to obey the following conditions: it must be stable, invariant to chemical change in concrete, tolerant to climatic conditions and have the ability to pass small currents with a minimum of polarization and hysteresis effects, display long term performance, be cost effective and result from an environmentally safe manufacturing process [42] . Traditional liquid references, such as the standard hydrogen electrode (SHE), the saturated calomel electrode (SCE) and the copper/copper sulfate reference electrode (CSE), etc., are conventionally used for the most laboratory experiments in most conditions due to its reliable performance. Unfortunately, the short service life and fragile structure determine these reference electrodes can not be used in the field. Recently, several embeddable REs, such as MnO 2 [43] [44] [45] [46] [47] , Metal-Metal Oxide (MMO) [48, 49] and NiFe 2 O 4 [50] , have been prepared and attempted to apply in RC structures. European Federation of Corrosion (EFC) has also reviewed the electrochemistry and characteristics of embeddable reference electrodes for concrete, and reported the service status of the six kinds of embeddable REs which have been implanted in Gimsøystraumen Bridge (in Norway) few years ago [51] . It can be seen clearly from the foregoing that there is an utmost need to develop and evaluated the performance of reliable and maintenance-free REs for use in concrete [52, 53] . Compared with that of the other REs, the RE based on Ag/AgCl is stable, easily prepared and industrialized conveniently, and have been used in electrochemistry for a long period [54] . Although the RE based on Ag/AgCl can not be applied directly in reinforcing concrete structures currently, its performance can be improved greatly by the elaborate design of the materials and the structure. PTFE, Al 2 O 3 and AgCl powder are applied as the carrier material and enhanced substance to improve the behavior of the RE, respectively. A novel Ag/AgCl based solid-state RE has been prepared and characterized to provide the key element for the potential control of the corrosion monitoring sensors(see Fig.19 ) [55] . Long-term stability, temperature response, anti-polarizability and anti-disturbance of ions have been investigated. The results indicate that the balance potential of the reference electrode is 3.64 mv±1mv (vs.SCE) at 25℃. The temperature response coefficient of the RE is -0.51 mv/℃±0.03mv/℃ in [10℃, 70℃]. Also, the anti-polarizability of the solid-state RE meets the requirements of the electrochemical measurement in the field. Additionally, the reference electrode is insensitive to the concrete admixtures which include Na 2 SO 4 , NaCl, NaNO 3 and NaNO 2 . 
Wired corrosion monitoring sensors
The five-electrode corrosion sensors have been applied to monitor the corrosion state of the reinforcing steel in the beams [55] . There are four kinds of elements which include one reference electrode(RE), one counter electrode(CE) and three identical working electrodes(WEs) in the corrosion sensor. Considering the field applicability, a home-made all solid-state reference electrode (ASSRE) has been used to setup the five-electrode corrosion sensor. The materials of the counter electrode and working electrodes are the graphite rod and the Q235 carbon steel, respectively. One of the three working electrodes, CE and ASSRE are integrated as classical three-electrode system to execute the galvanostatic step measurement. The other two identical working electrodes and ASSRE are applied to obtain the EN data. The sampling frequency of EN is 2Hz. Fig.20 shows the photograph of the corrosion sensors. The current confining sensor has been developed for RC structures [56] . Fig 21 illustrates the geometric configuration of the sensor. The red ring is the counter electrode(CE). The other two yellow rings beside the CE are the current confining rings. Two all solid-state reference electrodes (ASSREs) are applied to sense the potential of the concrete between the counter electrode and the current confining rings. The third ASSRE is used as the normal reference electrode(RE) of the traditional three-electrode system in electrochemical techniques to measure the potential of the working electrode(WE). Here, WE is the reinforcing steel in RC structures. The potential of the counter electrode and the current confining rings is controlled by the embedded microcircuit of the data acquisition and processing system. The geometric configuration of the sensor is optimized by the Finite Element Method (FEM). the electric fluxline can be effectively confined in a fixed area on the surface of the steel bar between the CE and the other two rings. Therefore, the corrosion rate of the reinforcing steel in RC structures can be measured accurately by the optimized corrosion sensor.
Self-powered wireless corrosion monitoring sensors & networks
For an airtight civil engineering structure(for example, concrete beam), while a wire collection system is used for monitoring corrosion, the wire put inside concrete beam needs to prolong outside concrete beam to send the corrosion sensor's information, which will accelerate the corrosion process because the wire's laying possibly makes reinforcing steel inside the beam contact with air. Wireless sensor networks with wide application especially in structural health monitoring [57] [58] [59] [60] , matured in recent years represent an innovative solution to current corrosion monitoring systems, due to their low-cost, small size, lowpower and wireless communication capability. The most interesting and fascinating fact is that the corrosion process is an energy release process. This vital energy provides the possibilities to realize in-situ, real-time and on-line corrosion monitoring of RC structures by wireless energy-harvesting sensors and networks. We investigate deeply the generation of corrosion energy in RC structure and its availability as a power source. Powered by the energy harvested from corrosion environment, a new smart sensor platform is then designed to detect the corrosion status and report the samples via wireless links to the end user. Developing energy harvesting sensors is of critical importance for in-situ, real-time and on-line corrosion monitoring of RC structures because of its intrinsic capability of providing unbounded lifetime. This represents a tremendous step towards realization of practical corrosion monitoring. For a wireless sensor network, energy is usually provided from either solar power [61] , structure vibration [62] , chemical batteries, or lithium batteries. The wireless corrosion monitoring sensors need to be put inside concrete beam in an airtight way, which require that wireless sensor can work for a long time without outside energy supply as corrosion is a slow process(about tens years). Thus it is necessary to solve the problem of energy supply for the sake of monitoring corrosion with wireless sensor networks. In the proposed self-powered wireless corrosion monitoring sensor network system shown in Fig.22 [63] , we use the electrochemical noise produced by corrosion not only as sensing signal but also as energy source for wireless sensor, the process of monitoring corrosion is the following: unit of gathering energy collect electrochemical noise, while energy reach the working requirement of wireless sensor, the other units of wireless corrosion sensor are in activation. Then micro-processing unit gathers and process the sensor signal--electrochemical noise, the sensor signal processed is little in volume for wireless transmission because the energy needed by wireless transceiver unit is much more largely than the one of micro-processing unit. All the above units are put together inside airtight concrete structure to integrate into a self-powered wireless corrosion monitoring sensor, lots of such sensors forming self-organizing networks send their signal information to wireless base station. Wireless base station may receive the information and control the sensors, www.intechopen.com
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remote users can visited wireless base station to know the sensors' status and corrosion information of monitored objective. The designed self-powered wireless corrosion sensor is exhibited in Fig.23 [64] . Fig. 22 . Self-powered wireless corrosion monitoring networks 
Application of the corrosion monitoring system in civil engineering
Corrosion monitoring of the RC beams
The corrosion sensors presented in the previous sections have been applied to monitor the corrosion status of the RC beams (see Fig.24 ). The electrochemical measuring techniques which are seemed as the software for corrosion monitoring based on galvonastatic step excitation and electrochemical noise have been developed to extract the characteristics of general corrosion and pitting corrosion, respectively [65] . Fig. 24 . Distributed bars, sectional dimension and the position of the corrosion sensors. Fig.25 shows the half-cell potential results of the beams. The half-cell potential of all the bars are higher than -200mv (Vs. CSE) before corrosion. According to ASTM C876-91, the corrosion probability of the steel bar is no more than 5% and the deterioration effect of the corrosion can be neglected. However, the potential shifts towards negative severely after corrosion. The potential in most measuring points is less than -400mv (Vs. CSE) after corrosion. Some of the measuring results are even less than -1000mv. This can be explained by the non-homogeneous corrosion of the steel bar. Actually, there are many defects in the concrete. The corrosion of the steel bar in these defects is much more severely than that of the other sections. The corrosion probability of the beam is more than 95% after corrosion.
Half-cell potential map
Comparing the results of the beam1# to that of the beam 6#, the potential becomes much more negative when the corrosion is more severe. But it must be mentioned that the corrosion products and the water saturated degree of the concrete can influence the accuracy of the potential results. There are minimums in each bar's half-cell potential. Such as the steel bar 1-b, the minimum of the potential is -725.2mv (Vs.CSE) in the middle of the beam. This phenomenon is due to the local corrosion of the steel bar. The reddishbrow corrosion product perspires from the concrete crevice during the accelerating process.
Transient potential response
Five pieces of RC beams which is from the beam 2 # to the beam 6 # have been tested in the experiments. Considering the length of the paper, we only show the typical results of the beam 2 # in Fig.26 . According to the plots of the potential response, we can see clearly that the potential response can not reach the steady state even as the current has been applied for 1000s. This is due to the diffusion process of the oxygen. The accelerating corrosion process has consumed too much oxygen in the pore of the concrete to meet the requirements of the cathode reaction. Thus, the electrochemical process is controlled by the diffusion process. The method which has been derived in the previous section is used to analyze the data of the potential response. The fitting results are listed in Table 4 . According to the results, the resistance of the concrete decreases gradually. The mean value of the concrete resistance decreases from 546.89Ω·cm 2 to 275.79Ω·cm 2 as the accelerating degree increases gradually from the beam 2 # to the beam 6#. There are much more Cl -concentrated in the pore of the concrete in the beam 6 # than that of the beam 2 # . The corrosion products of the steel bar have precipitated in the pore. Therefore, these two aspects can lead to the decrease of concrete resistance. Table 4 . Fitting results of the response to galvanostatic step excitation Also, the polarization resistance decreases gradually from the beam 2 # to the beam 6 # . This means that the content of the chloride ion can influence the corrosion rate of the steel bar. Much more Cl -can destroy the passivity film much more severely. The magnitude of the non-ideal capacity C NI is 10 -4 F/cm2. The magnitude of the time constant c =C NI R P is 10 -1 second. R P and C NI are the essential characteristics related to the electrochemical process and the double layer. They do not depend on the WE's area, the resistance of the concrete and other factors. Therefore, c which has many advantages than that of Half-cell potential can be used to determine qualitatively the corrosion status of the structure. According to the results of c , the steel bar in the concrete has been corroded severely. Most of the K values are less than 1.This means that the CPE presents in the EC. The magnitude of and /R p are 10Ω·cm 2 ·s -1/2 and more than 10 -2 , respectively. These results show that the diffusion process controls the electrochemical reactions.
Electrochemical noise results
The EN of the beams from 1 # to 6 # has been obtained before and after accelerating corrosion. Also, we only show the results of the beam 2 # here in Fig.27 and Fig.28 , respectively. According to Fig.27 a) and Fig.28 a) , we can see there is an obvious trend in the electrochemical potential noise (EPN) before and after corrosion. The electrochemical current noise (ECN) is much more stationary than that of the EPN in Fig.27 and Fig.28 , vacancy condensation will occur at the metal/barrier layer interface, and hence passivity breakdown will is confirmed. So, the fresh surface of the metal will generate EPN and ECN transients. 
Sym4
wavelet has been applied to analyze the EN and the depth of the decomposing scale is 8 levels. The energy distribution plots of the EN before and after corrosion have been shown in Fig.29 and Fig.30 , respectively. There are 9 parts of the signal after decomposition of the EN. The approximation of the EN which includes the trend of the EN is the lowest frequency part (≤0.004Hz). So, the signal of this part has been removed as the trend of the signal. The energy distribution plots in Fig.29 and Fig.30 are the Energy ratio Vs. Crystal number which is from 1 to 8. According to Fig.29a ), the energy of the EPN is concentrated on the crystal 1, 2 and 3 before corrosion. The frequency of these parts which is between 1Hz and 2-3Hz is much higher than that of other parts. It is much more obvious in Fig.29 b) that the energy is concentrated greatly on the crystals from 1 to 3. The energy of crystal 1 to 3 is no less than 70 percent of the signal in Fig.29 b) . The signal in this much higher frequency range can be caused by the white noise of the system and the general corrosion of the steel-concrete system. no less than 80 percent of the overall signal's energy which the approximation has been removed. The frequency of the crystals from 5 to 8 is no more than 2-5 Hz. The condition of ECN in Fig.12 b) is similar with that of the EPN in Fig.12 a) . The energy on crystal 5, 6, 7 and 8 is more than 70 percent of the signal. The obvious difference of the EDP before and after corrosion is due to the different components in the EN. There are a large number of transients in the EN after corrosion. The transient is generated by the breakdown and recovery of the passivity film during the pitting corrosion process. The attenuation life of the transient is from tens of seconds to a few hundred seconds. Much more energy is concentrated on the crystals which are from No.5 to No.8. The change of the EDP indicates the change of the corrosion type. According to the change of the energy distribution on the different crystal, the pitting corrosion is verified. The energy which is distributed on the crystal 5, 6,7and 8 is the intrinsic characteristics of pitting corrosion of the steel bar in concrete. The EDP of the EN can be applied as the benchmark to identify qualitatively the presence of the pitting corrosion.
Corrosion monitoring of the bridge pier
The corrosion monitoring techniques and sensors presented in the previous sections have been integrated as corrosion monitoring system in Fig.31 , and the system has been applied in the corrosion monitoring of the bridge pier (see Fig.32 ). The location of the corrosion sensors have been optimized according to the hot spot of the force and the deterioration caused by the ambience. The system has serviced for 1.5 year, and no corrosion sites have been founded till now. 
Conclusions and prospects
With the development of global warming and further deterioration of the environment, the conditions of RC structures now becomes more atrocious than that of before. Reinforcement corrosion is the main cause of damage and early failure of reinforced concrete structures worldwide with subsequent enormous costs for maintenance, restoration and replacement. Corrosion monitoring will be very helpful for the safety assessment and service life prediction of RC structure. Although several kinds of corrosion monitoring sensors and systems have been applied in petroleum industry, chemical industry and industrial factory buildings, there are many factors which handicap the development of corrosion monitoring in civil engineering structures. In the past few years, The Government of China has provided special found to do the research in the field of corrosion monitoring in concrete.
The project includes four parts of work which are Research of Corrosion Monitoring Method, Development of Corrosion Sensor Platform, System Integration Technique and Safety Assessment ＆ Life Prediction of Structure. The electrochemical essence of the corrosion process determinates that the corrosion monitoring sensor based on the electrochemical theory can be used effectively to realize the object directly. This provide the chance and challenge simultaneously to the researchers in the field of electrochemistry, material, computer, electronics, signal processing, mechanics, etc. A series of originality innovations should be developed in future. The realization of the wired and self-powered wireless corrosion monitoring sensors and networks can be considered as a milestone in the field of SHM. Besides it can be used in civil engineering, the advantages of power harvesting, wireless, long-life and advanced EN technique, etc, determine the system can be applied widely in most formidable conditions, such as nuclear industry, petrochemical engineering and many other corrosion monitoring needed conditions.
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